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Complexes of the type ML,,(NCSh [M = Fe(II), Co(II), Ni(II), Zn(II), Cd(II), Hg(II), Cu(II),
Mn(lI) or Pd(II), L = nicotinamide(nia), isonicotinic acid hydrazide(inh), 2- and 3-cyanopyridine
(2- and 3-cpy), 3- & 4-arninopyridine (3- and 4-apy) or ethyl nicotinate(ent) and x = 1, 2 or 4]
and ML2(NCOh [M = Fe(II), Co(II), Ni(II), Cu(lI) or Zn(II) and L = nia] have been prepared and
characterized on the basis of elemental analysis, magnetic moment, infrared and electronic
spectral studies. Infrared spectral data indicate that in the complexes of Zn(II), Hg(II), Ni(II)
and Co(II) with inh, the ligand acts as a bridge between two metals atoms, whereas in the
complexes of Cd(II), Ni(II), Cu(lI) and Co(lI) with nia, the thiocyanate groups act as bridging
groups. Infrared spectra of cyanate complexes of Fe(II), Co(lI) and Ni(II) indicate that cyanate
groups act as bridges giving a polymeric octahedral geometry to these compounds. In the
complexes of Cu(II) and Zn(II), cyanate groups are terminally N-bonded.
STUDIES on the metal complexes of thiocyanateand cyanate ions have shown that the modeof thiocyanate and cyanate bonding depends
upon the nature of both, the metal and the ligand-->.
However, there appears to be no precise demarcation
of the conditions which help thiocyanate to act as
a bridge. The metals with which thiocyanate is
never bridged and the ligands which aid or hinder
the bridging of thiocyanate are also not well classi-
fied.
In order to study the above problem, we have
synthesized a number of thiocyanate and cyanate
complexes and have characterized these on the basis
of elemental analysis, magnetic moment, IR and
electronic spectral studies.
Materials and Methods
All the complexes were prepared by reported
methods=+ and their purity was checked by metal
and thiocyanate analyses, In the case of cyanate
complexes, metal and nitrogen analyses were
checked.
Physical measurements - Infrared spectra were
recorded on a Perkin-Elmer spectrophotometer
model 621 equipped with CsI optics. The electronic
spectra were recorded on a Cary-14 spectrophoto-
meter. Magnetic susceptibilities were measured at
room temperature by Gouy's method using cobalt
mercury tetrathiocyanate as standard.
Results and Discussion
The three fundamental vibrational modes of
thiocyanate ion are CoN stretching, C-S stretching
and NCS bending. On the basis of the
positionsl-3,6,7 of these bands (T~ble 1), we have
classified the present complexes into three groups
having bridging thiocyanate groups (1-7) N-bonded
thiocyanates (8-15) and S-bonded thiocyanates (16-18)
(Table 1).
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All the ligands, nicotinamide (nia) , isonicotinic:
acid hydrazide (inh) , cyanopyridine( cpy) , aminopyri-
dine(apy), - and ethyl nicotinate (ent), coordinate
through ring nitrogen10,1l only, though these have-
a number of other possible coordination centres.
2-cpy, however, acts as a bidentate ligand and coordi-
nates through the nitrile group also. The tentative
assignments of M-NCS, M-SCN and M-L stretching
bands's are also included in Table 1.
In the case of the complexes (19-22) the positions
of the bands in vCN, vCS and aNCS regions clearly
indicate that the thiocyanate is N-bonded in Co(II)~
Ni(II) and Zn(II) complexes and S-bonded in
Hg(II) complex. The ligand inh shows coordination
through ring nitrogen and carbonyl oxygen. The
octahedral configuration of Co(II) and Ni(II) appears.
to have been achieved through the bidentate nature
of the ligand, which acts as a bridge between the
two metal atoms.
Mercury forms two types of complexes with
nicotinamide. The 1:2 complex, [Hg(SCN)2.2niaJ.
obviously has a four coordinated tetrahedral struc-
ture. However, the 1: 1 complex has four bands.
in vCN region, which indicates the presence of both
terminal and bridged thiocyanates". The number
and positions of vCS and aNCS bands also support
the presence of both types of thiocyanates, 1:1
complexes of mercury thiocyanate have been previ-
ously given a dimeric structure--": but recently on
the basis of X-ray crystal analysis, Rivest et ai?
have shown that Hg(SCN)2.Ph3As has a distorted
trigonal bipyramidal structure in which mercury
has coordination number three. We are inclined
to suggest a similar structure to the present 1: 1
complex.
The IR spectral assignments of various bands of
cyanate complexes are given in Table 1. Nelson
et al.4 have reported the CoN stretching range
2205-2230 and 2180-2200 cm-' for mononuclear
SINGH & KHAN: THIOCYANATE & CYANATE COMPLEXES
TABLE 1 - INFRARED SPECTRALDATA OF THE COMPLEXES
SI Complexes v C-~ vC-S or vC-O 8NCS or 8NCO v:'.I-NCS
No. or
v~1-~CO
1 Cd(NCS) a-2(inh) 2100(s) 760(w), nOrm) 460(m) 280(sh)
2 Cd(NCS) s-2(nia) 2080(b) 780(w) 465(sh), 450 (sh) 265 (sh)
3 Co(NCS) s- 2(nia) 2105(5), 2090(sh) 788(m) 472(5) 290(sh)
4 Ni(NCS) a-2(nia) 2090(5) 772(m) 470(s) 265 (sh)
5 Cu(NCS) a-2 (nia) 2110(5), 2085 (sh) 795(s), 835(5) 475(b), 440(5) 325(b)
6 Cu(NCS) •.2(3-cpy) 2155(b), 2088(5) 805 (sh), 790(5h) 475(s), 460(w) 310(b)
7 Ccl(NCS)•.2(ent) 2080(s) 765 (sh) 468(m) 280(sh)
8 Zn(NCS) a-2(nia) 2070(s) 780(w) 480(s), 460(sh) 312(s)
9 Fe(NCS)..2(nia) 2050(b) 790(sh), 825 (sh) 480(w), 465 (sh) 270(sh)
10 Mn(NCS).A(nia) 2078(s) 798(5) 475 (sh) 259(sh)
11 Fe(NCS) s-2(3-cpy) 2040(b) 800(5) 475(5)
12 Ni(NCS) •.4(ent) 2055(5) 810(5) 490(5), 460(s) 300(5)
13 Ni(NCS) a- 2(2-cpy) 2075(5) 796(m) 470(m) 270(5h)
14 Co(NCS) a-4(3-apy) 2060(b) 780(5h) 475(w) 255(5h)
15 Co(NCSl..4(4-apy) 2068(b) 785 (sh) 475(5) 260(5h)
16 Hg(SCN) s- (nia) 2140(5), 2118(5), 755(b), 685 (sh) 462(5h), 430(w) 270(5h)
2060(5), 2045 (sh)
17 Hg(SCN) s-2(nia) 2120(5), 2090(5) 710(5) 460(5), 440(m) 275(5)
18 Pd(SCN) a- 2(nia) 2115(s) 718(5) 432(m) 301 (b)
19 Zn(NCS) e- 2(inh) 2075(b) 835(m) 485(5h). 470(m) 282(5h)
20 Hg(SCN) s-2(inh) 2082(5) 712(m) 445(m) 270(sh)
21 Ni(NCS) s-2(inh) 2055(b) 840(m) 470(m) 285(5h)
22 Co(NCS) •.2(inh) 2070(b) 845(m) 475(w) 285(5h)
23 Fe(NCO)..2(nia) 2185(b) 1310(sh) 662(m), 620(s) 262 (sh)
24 Co(NCOl..2(nia) 2175(b) 1300(5h) 648(5), 610(5h) 290(5h)
25 Ni(NCO) a-2(nia) 2185(b) 13OO(sh) 650(5), 61o (sh) 290(sh)
26 Cu(NCO).2(nia) 2210(s) 1365(5), 1330(5h) 645(m), 612(s) 310(sh)
Zn(NCOl..2(nia) 2200(5) 1362(5h)
262 (sh)
27 640(m). 615(m) 289(w)
5 = strong, b = broad, sh = shoulder, m = medium, w = weak, inh = isonicotinic acid hydrazide, nia = nicotina-
mide, cpy = cyanopyridine, ent = ethyl nicotinate and apy = arninopyridine.
terminally N-bonded and bridged cyanates respec-
tively. The positions of the absorption bands in
vCN region show the presence of bridged cyanate
.groups in Fe(II), Co(II) and Ni(II) complexes and
terminally N-bonded cyanate groups in Cu(II) and
Zn(II) complexes.
The bands due to vCO mode appear in the region
1300-1310 cm! in the case of Fe(II) , Co(II) and
Ni(II) complexes and in the region 1330-1365 cm!
in the case of Cu(II) and Zn(II) complexes. The
lower value of '1CO also indicates the presence of
bridged cyanate groups in Fe(II), Co(II) and Ni(II)
complexes--".
The bending mode, oNCO is helpful in distin-
.guishing between the mononuclear N-bonded and
bridged cyanates. In the free cyanate ion, this
mode is degenerate. On bonding, it splits into two,
.and these two modes are very close when cyanate
is N-bonded and are far apart when bridged+, This
splitting is of the order of 15-33 cm? for Zn(II) and
·Cu(II) complexes and 38-42 ern for Fe(II), Co(II)
and Ni(II) complexes. This further indicates the
presence of bridged cyanate groups in Fe(II), Co(II)
and Ni(II) complexes, and N-bonded cyanate in
Cu(II) and Zn(II) complexes.
In thiocyanate bridged complexes, both Nand
S take part in coordination but in cyanate bridged
complexes, only N of the NCO group is involved in
coordination. This difference in behaviour can be
·explained in terms of the difference in electronic
charge distribution in NCX ions (X = 0 or S).
Wagner-" has shown that the electronic charges on the
N, C and S atoms of NCS- ion are -0·4826, +0'1943
and -0·7108 V respectively. N, C, and 0 atoms in
NCO- ion carry -0·7712, -0·0442 and -0·1846
respectively. Thus, in thiocyanate ion most of the
negative charge is centred on sulphur and nitrogen
atoms facilitating thereby the formation of S-bonded,
N-bonded and brideged complexes. In the case
of cyanate ion, most of the electronic charge
is localized on nitrogen atom resulting in the
coordination of NCO- through nitrogen atom only
in mononuclear N-bonded and bridged cyanate
complexes.
The electronic spectra of Ni(II) complexes show
absorption bands in the regions 25900-27000,
15700-16100 and 9500-10020 crrr+, which may be
assigned to the transitions 3A2g-?3T1g(P) ('13), 3A2g
-?~Tlg(F) ('12) and 3A2g-?3T2g(F) (vl) respectively.
Using the values of Va and v2, spectral parameters
have been calculated by the method of Tanabe and
Sugano=. The calculated value of 10 Dq corresponds
to the position of '11' The position of the bands,
values of spectral parameters, and Bohr magneton
values (Table 2) are typical of Ni(II) in octahedral
environment-s.
i In octahedral Co(II), three transitions, 4T1g-?4T2g
('11), 4T1g-?4Azg ('12) and 4T1g-?4Tzg(P) ('13) are
expected. Out of which absorption bands due to
'13 and VI are generally observed. '11 is generally
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TABLE 2 - SELECTED ELECTRONIC BANDS, SPECTRAL PARAMETERS AND MAGNETIC MOMENT VALUES
Complexes vs V2 V, (10 Dq) (cm-t) B' ~ Magnetic
(cm-") (cm-") (cm-") moment
Obs. C2.1e. (BM)
Ni(KCS) a- 2(nia) 25900 16000 10004 10020 787 0·74 3·18
Ni(KCSl..4(ent) 26100 16100 10000 10100 784 0'74 3·24
Ni(NCS)2·2(2-epy) 27000 15700 9500 9500 946 0·77 3'20
Co(NCS) a- 2(nia) 20790 16300 8810 8790 970 0'98 5·21
Co(NCS)2.4(3-apy) 20900 16600 8900 8870 955 0·97 5·12
Co(NCS)2·2(inh) 19400 9900 5'00
broad and '13 is multiplet and may be mixed with
spin-forbidden transitions. The '12 transition being
a two electron transition from tZg to eg, is generally
not observed. However, the bands due to all the
three transitions '11' '12 and '13 are observed in the
complexes of nia and 3-apy in the regions 8810-9900,
16300-16600 and 19400-20900 crrr" respectively.
Using the values of '12 and '13, we have calculated
Dq, Wand B'. The 10 Dq values so obtained are
equal to the position of '11> which shows that our
assignments of '12 transition are correct. In the
case of inh complexes, '12 is not observed; but References
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